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研究表明，绝大多数蛙叫声的频率范围在 100 Hz 至 5-8 kHz 之间，它们主
要进行低频声通讯。Narins 等于 2004 年发现栖息于中国安徽省黄山桃花溪的雄
凹耳蛙(Odorrana tormota)的叫声成分中含有超声组分。随后的声音回放实验证明
雄凹耳蛙可以发出并检测人耳听不见的超声组分（≥ 20 kHz）；电生理实验进一
步确定雄凹耳蛙的听觉上限为 35 kHz（87 dB SPL）。这些研究使凹耳蛙成为首例
报道的、可以利用超声进行种内通讯的两栖动物（Feng et al., Nature, 2006）。此
外，凹耳蛙的听觉还具有明显的性二态差异：雌凹耳蛙的听觉频率上限为 16kHz
（107 dB SPL），不能听到超声；而雄凹耳蛙听觉频率上限可达 35 kHz（87dB 
SPL）。该研究表明凹耳蛙是目前所知的听觉性别差异最显著的脊椎动物（Shen et 
al., Nature Communications, 2011）。 
最近的研究表明与凹耳蛙栖息于同一地域的大绿臭蛙（Odorrana graminea）
的叫声中含有超声组分（Shen et al., 2011），但并没有确认大绿臭蛙是否可以感
知超声组分，是否也像凹耳蛙一样存在明显的性别差异。因此我们通过电生理实
验记录雄性与雌性大绿臭蛙听觉中脑半圆体（torus semicircularis, TS）的听觉诱
























据细胞密度区分不同的听觉核团，观察 TS 区听觉核团的组成。 
第一部分实验结果：听觉诱发电位的结果显示雄大绿臭蛙的听觉上限为 24 
kHz (阈值 96 dB SPL )，听觉敏感频宽 W10dB（最低阈值之上 10 dB 的频宽）为
2-15 kHz，其单单位神经元的最佳兴奋性频率集中分布在 3 kHz、4 kHz、7 kHz、
8 kHz、11 kHz；雄大绿臭蛙的体型相对较小，其鼓膜较薄，边缘的平均厚度为
27.23 ± 0.39 μm，靠近中央的平均厚度为 13.93 ± 0.52 μm，与听小骨接触的中心
最厚，平均厚度为 29.36 ± 0.86 μm，听小骨的重量较轻 1.07×10-3 ± 4.08×10-5 g。  
第二部分实验结果：雌大绿臭蛙的听觉上限为 16 kHz（阈值 102 dB SPL），
并不对超声产生反应，听觉敏感频宽 W10dB（最低阈值之上 10 dB 的频宽）为 1-8 
kHz。单单位神经元记录结果显示雌蛙听觉中脑神经元的最佳兴奋性频率主要分
































Acoustic communication plays an important role in the lives of a wide variety of 
animals. Anuran amphibians, such as frogs and toads, are considered to be 
intermediate between fishes and amniote vertebrates and are among the first tetrapods 
to communicate acoustically. Anurans typically have small, highly stereotyped vocal 
repertoires, and the salient features of their calls are often well characterized. 
Individual features of the anurans auditory system can be found in one or many of the 
other vertebrate classes. Hence, the frog auditory system serves as an attractive model 
system for researching the animal acoustic communication and uncovering basic 
information about the evolution, structure, and function of the vertebrate auditory 
system. 
It was demonstrated that most frogs communicate with low frequency, with their 
calls ranged between approximately 100 Hz and 5–8 kHz. However, the study 
performed by Narins in 2004 demonstrated that the vocalization of the male 
concave-eared torrent frogs (O. tormotus) which live in torrent streams in the vicinity 
of Mt. Huangshan contains ultrasonic component. Acoustic playback experiments 
confirmed that the O. tormotus could detect and respond to ultrasound (≥ 20 kHz). 
Electrophysiological recordings from the auditory midbrain further confirmed that the 
male O. tormotus has an upper frequency limit up to 35 kHz (87 dB SPL)（Feng et al., 
Nature, 2006）.Those studies indicated that the male O. tormotus was the first 
non-mammal vertebrate described to communicate with ultrasound for intraspecific 
communication. Recent study demonstrated that the auditory frequency sensitivity of 
the O. tormotus is highly sexually dimorphic. The female O. tormotus has an upper 
frequency limit up to 16 kHz (107 dB SPL) which is almost the half of the males’, and 
couldn’t detect any ultrasound. While the male has an upper frequency limit up to 35 
kHz (87 dB SPL). Hence O. tormotus exhibits extraordinary sex differences in 
















Recent study demonstrated that the vocalizations of the male large odorous frogs 
(O. graminea), which live in the same area with O. tormotus, contain ultrasound 
（Shen et al., 2011）. It is unclear whether or not the male O. graminea has the ability 
to detect ultrasound. Does the O. graminea also show great sex differences in hearing? 
To further confirm the ability of ultrasonic communication and test if there is an 
auditory sexual dimorphism, we carried out detailed electrophysiological studies on 
both male and female O. graminea by studying auditory evoked potentials and 
single-unit spikes from the torus semicircularis. 
Our study included two parts: In the part l and part 2 the male and female O. 
graminea were studied respectively. Auditory evoked potentials and single unit spikes 
were recorded extracellularly from the auditory midbrain torus semicircularis (TS) to 
determine the hearing range and frequency sensitivity of the O. graminea. The stimuli 
were pure tones at different frequencies with the same sound level. In the part 1, the 
morphological characteristic of the male O. graminea was studied. The snout-to-vent 
length, head width and weight of the ossicles were measured. The thickness of the 
tympanic membranes were measured based on horizontal sections stained with 
haematoxylin-eosin (20 μm in thickness). Then we studied the subnuclei of the torus 
semicircularis of the male O. graminea by the midbrain slices in the transverse which 
were stained with haematoxylin-eosin (7 μm in thickness). 
Results of the part l: Electrophysiological data confirmed that males of the O. 
graminea had an upper frequency of hearing limit up to 24 kHz (threshold: 96 dB 
SPL). Males had a frequency sensitive bandwidth (10 dB above threshold) ranged 
from 2 kHz to 15 kHz. The single units’ best excitatory frequencies (BEFs) in males 
distributed among 3 kHz, 4 kHz, 7 kHz, 8 kHz and 11 kHz. The tympanic membranes 
of the male O. graminea were roughly thin (27.23 ± 0.39 μm at the rim, 13.93 ± 0.52 
μm towards the centre, and 29.36 ± 0.86 μm at the anchor point of the columellar 





















sensitive bandwidth W10dB (10 dB above the minimum threshold) ranged from 1 kHz 
to 8 kHz, with an upper frequency limit of hearing at 16 kHz (threshold: 102 dB SPL).  
The single units’ best excitatory frequencies (BEFs) in females distributed among 3 
kHz, 4 kHz, 7 kHz and 8 kHz. And about 40.4% of the 47 single unit recordings’ best 
excitatory frequency was 3 kHz, which was corresponding to the fundamental 
frequency (F0) of male’s most calls. 
Conclusions: 1) Although the high frequency auditory sexual dimorphism of the 
O. graminea is not as remarkable as that of the O. tormotus, the O. graminea also 
exhibit great sex differences in auditory frequency sensitivity. 2) O. graminea is 
confirmed to be another anurans that have the ability to communicate with ultrasound 
apart from the O. tormotus and the Huia cavitympanum. And it is supposed that 
ultrasonic communication may be common to the frogs living in the noisy streams. 
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